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ABSTRACT 

Combination of urea-Sn +2 in SCP solution was examined as a corrosion inhibitor for concrete 
reinforced steel by potentiodynamicpolarization, surface synergist parameter and cyclic voltammetry 
methods comparing with urea-Zn +2 combination. A synergism parameter (SI) indicated a synergistic 
effect between urea and Sn +2 was exist. Polarization study revealed that formulation consisting of 300 
ppm urea+50 ppm Sn +2 in SCP solution provided inhibition efficiency (IF) of 85.93% while 300 
ppm urea +50 ppm Zn +2 provided 82.3% IF, and this combination acts as anodic type inhibitor. 
Cyclic voltammetry curves showed that the steel samples immersed in this formulation has low 
tendency to pitting corrosion. From these results it can be concluded that urea - Sn +2 inhibitor 
formulation is a good corrosion n inhibitor for concrete reinforced steel, it can maintain stable 
passive film on steel surface even in the presence of aggressive chloride ions so it can be used 
instead of the high toxicityZn" 1 " 2 inhibitor to improve the corrosion inhibition of urea fertilizer 
inhibitor. 

Keywords: Concrete Reinforced Steel, Corrosion Inhibitor, urea, synergistic effect, 
PotentioDynamic Polarization, Simulated Concrete Pore Solution (SCP). Cyclic voltammetry 

1. INTRODUCTION 

Billions of dollars are spent each year to repair the damages resulting from concrete 
reinforcing steel corrosion that initiates when aggressive chlorides ions, water and air penetrate 
through the pores solution of concrete and reach the surface of the steel. [1-5] 
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The use of inhibitors is one of the most important methods of protecting concrete rebar 
against corrosion. Corrosion inhibitors are chemical substances which can prevent or reduce 
corrosion rate when present in adequate amounts. [2-17] 

Corrosion inhibitors have been considered as one of the most cost-effective and applicable 
solution to prevent concrete reinforcement corrosion. Inhibitors have the effect of reducing the 
oxidation and or reduction reactions on the surface of the reinforcement and also promoting a passive 
layer at the steel surface, which makes it more difficult for the chloride ions to remove electrons and 
destroying the protective film that formed on steel surface [17, 18]. 

Many inhibitors alone have low inhibition efficiency but the efficiency increase if it 
combines with other inhibitors, this occur due to the synergistic effect existing between the inhibitors 
[19-25] .ZnO has been used as a corrosion inhibitor [26]. Many authors investigated the synergistic 
corrosion inhibition of Zn 2+ ion with other co inhibitors [27- 35]. 

Urea fertilizer of certain concentration was reported to be a good corrosion inhibitor for 
concrete reinforced steel immersed in 3% NaCl (86.5% IF at 0.5 % concentration ) [36] .Due to the 
low inhibition ability of urea at low concentration ,it is not feasible to use it alone as corrosion 
inhibitor . Urea in presence of Zn +2 ion has been examined as good corrosion inhibitor reduce the 
corrosion of concrete reinforced steel due to the synergistic effect between urea and Zn 2+ ion [37] but 
due to the high toxicity of Zn +2 there is a need to reduce Zn +2 concentration or to replace it by 
another low or no toxic inhibitor[22] .Tin and tin salts (Sn +2 ) is low toxic eco friendly material has 
wide applications in food industry [3 8] so it was used in this study to improve the inhibition 
efficiency of urea inhibitor instead of toxic Zn +2 . K.K. Sagoe - Krentsil et al [ 39] found that sn +2 at 
concentration of 200 mM/L is an effective inhibitor to corrosion of mild steel embedded in cement 
paste , but it cannot be use alone as corrosion inhibitor due to its low solubility in pore solution . 

The present study evaluates the corrosion inhibition of Urea- Sn +2 formulation for concrete 
reinforced steel in simulated chloride contaminated concrete pore solution (SCP), using 
potentiodynamic polarization technique, surface synergism parameter and cyclic voltammetry 
method comparing with urea- Zn +2 formulation . 

2. EXPERIMANTAL WORKS 

2.1 Specimens preparation 

Concrete reinforcement steel bar was purchased from local market. Discs of 10 mm diameter 
were cuts from the steel bar , grinded gradually with SiC paper from grade 80 to grade 2000 till 
mirror finish , then degreased by acetone , rinsed with distilled water , dried and immersed in test 
solutions for specified period in order to use for potentiodynamic polarization and cyclic 
voltammetry tests. 

2.2 Solution preparation 

Urea fertilizer (locally produced), analytical grade potassium hydroxide (KOH), Sodium 
chloride (NaCl), stannous sulfate (SnS04) and zinc oxide (ZnO) was purchased from local supplier. 
All solutions were prepared by dissolving the above chemicals in deionized water. Solution of 2% 
KOH and 3% NaCl was prepared to represent the chloride contaminated SCP solution ( PH =13.6 ) 
In this study stannous sulfate and zinc oxide were used as synergist inhibitor to urea fertilizer 
inhibitor , in order to investigate the inhibition effect of each inhibitor alone 50 ppm sn +2 with SCP 
solution , 50 ppm zn +2 with SCP solution , 75 ppm urea with SCP solution were prepared . To 
investigate synergistic inhibition of sn +2 ion and zn +2 ion on urea fertilizer inhibitor , combinations 
of 75 ppm urea + 50 ppm sn +2 , 75 ppm urea + 50 ppm zn +2 , 300 ppm urea + 50 ppm sn +2 , 300 
ppm urea + 50 ppm zn + were prepared also , each combination was added to the SCP solution to 
form the required test solution . 
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2.3. Electrochemical Measurements 

Electrochemical measurements were carried out using potentiodynamic polarization and 
cyclic voltammetry technique to evaluate the inhibition effect of Urea - Sn +2 combination in SCP 
solution contaminated with corrosive NaCl solution on concrete reinforced steel comparing with 
urea - zn+ combination . From Tafel plots corrosion rates, inhibitor efficiencies and surface 
synergism parameter were determined. Cyclic polarization curves were used to analyze the pitting 
corrosion tendencies. All tests were carried out in aerated solution at room temperature and 
atmospheric pressure. 

2.3.1 Potentiodynamic polarization measurements 

Potentiodynamic polarization technique has been used in this study to investigate the 
synergistic effect of Sn +2 ion and Zn +2 ion on the corrosion inhibition of urea inhibitor and to detect 
the formation of protective film on concrete reinforced steel surface. Three electrode cell consist of 
Platinum wire as a counter electrode, Ag/AgCl electrode as a reference electrode and reinforced steel 
specimen as a working electrode was used in this investigation. The working electrode was a flat 
shaped rebar steel disk of 0.785 cm 2 exposed surface area axially embedded in a Teflon holder. 
Wenking M Lab Potentiostat Galvanost at instrument (GERMAN origin) was used to carry out the 
polarization measurements under potentiodynamic conditions. 

In order to investigate the synergistic effect of the inhibitors ten steel disks were immersed 
for one day in various test solutions. In order to verify the stability of passive film in presence of 
corrosive chloride ions the combination of inhibitors that showed a higher inhibition efficiency at 
one day immersion test was chosen to test after 7 days immersion, so one disk immersed in control 
solution, the second disk immersed in control solution containing 300ppm urea + 50 ppm sn +2 
inhibitor and the third disk immersed in control solution containing 300ppm urea + 50 zn +2 inhibitor. 

Corrosion parameters such as corrosion potential (Ecor) .corrosion current (Icor), anodic and 
cathodicTafel slopes (ba, be) were evaluated by the instrument programs. Potentiodynamic 
polarization curves were conducted by changing the electrode potential automatically ± 200 mV 
around the open circuit potential at a scan rate of 1 mV/s. From Tafel plot corrosion parameters were 
recorded , corrosion rate (CR) and corrosion inhibition efficiency (EE %) was calculated using the 
following equation [40]: Corrosion rate (mmpy) = 3.2 x I cor x equivalent weight / density IE % = (I G - 
I) / I 0 x 100 Where: Equivalent weight of steel=27.93 gm, Steel density = 7.8 gm/ cm 3 , 1^= current 
density mA7 cm2, IE = inhibition efficiency, IO and I are the corrosion current density without and 
with the inhibitor respectively. 

2.3.2 Cyclic voltammetry measurements 

Pine WaveDriver 10 Potentiostat/Galvanostat (American origin) was used to record Cyclic 
voltammograms of reinforced steel samples immersed in in SCP with and without inhibitors. A 
three-electrode cell assembly was used. The working electrode was reinforced steel disc with 
exposed surface area of 0.785 cm .The disc surface was prepared by same procedure that was used 
for potentiodynamic polarization . Ag -AgCl electrode was used as reference electrode and platinum 
rod was used as counter electrode. Three disks were immersed in the required test solutions. The 
cyclic voltammetry curves were obtained from gradually increasing the potential from -1.2V to 1 V 
and then reversed back to -1.2 V (Ag - AgCl) with a scan rate of 50 mV/s The experiments were 
performed after 0.5 hr. immersion in aerated test solutions at room temperature and atmospheric 
pressure. 

2.4. Synergism parameter 

Synergism parameter ( SI) are indication of synergistic effect existing between the inhibitors 
Synergist effect exist between the inhibitors If Si value is more than one [ 22] . 
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The synergism parameter (SI) can be calculated from the following Relation [37]: 

Si= 1- 0 1+2 / l-9' 1+2 Where 0 1+2 = (0 1 +6 2 ) - (0i x 0 2 ) 

0i= surface coverage of urea inhibitor in SCP solution 

0 2 = surface coverage of Sn +2 or Zn +2 inhibitor in SCP solution 

0'i +2 = combined surface coverage of inhibitor urea and Sn +2 or inhibitor urea and Zn +2 in SCP 
solution 

Surface coverage = IE / 100 

3. RESULTS AND DISCUSSIONS 

3.1Polarization Curves 

Figure 1 shows the potentiodynamic polarization curves of concrete reinforced steel samples 
obtained after one day immersion in the SCP solution with and without urea-zn +2 combinations. 
Corrosion current (Icor) was measured from Tafle plot, inhibitor efficiency (IF) and surface coverage 
(0 ) was calculated from the measured Icor. All values are given in table 1 . The IF of urea inhibitor 
increased with addition of 50 ppm zn +2 ( from 32.2% to 78% for 75 ppm urea and from 51.1% to 
87.9% for 300 ppm urea ) which is an indication of the synergetic effect of Zn +2 inhibitor . 
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Figure 1: Electrochemical parameters of concrete reinforced steel samples studied after one day of 
immersion in the SCP solution without and with various concentration of urea - Zn+2 inhibitors 

Table 1: Corrosion parameters obtained from polarization curves of concrete reinforced steel after one day 



immersion in the SCP solution without and with various concentration oJ 


" urea - zn+2 inhibitor. 


System 


Icor 

uA/cm 2 


IE 

% 


Surface coverage 


Control 


4.191 






Control + 75 ppm urea 


2.841 


32.2 


0.322 


Control + 50 ppm zn+2 


2.69 


36 


0.36 


Control +75 ppm urea + 50 ppm zn+2 


0.917 


78 


0.78 


Control + 300 ppm urea 


2.051 


51.1 


0.511 


Control+300 ppm urea+ 50 ppm zn+2 


0.55 


87.9 


0.879 



Polarization curves of steel samples after one day immersion in SCP solution with and with 
out urea - sn +2 inhibitor are shown in figure 2. Values of corrosion parameters were tabulated in 
table 2. The IF of the urea inhibitor also increased with the addition of 50 ppm Sn +2 inhibitor (from 
32.2% to 74.25% at 75 ppm urea concentration and from 51. 1& to 77.8% at 300 ppm urea 
concentration) which indicate that Sn +2 inhibitor has synergistic effect on urea inhibitor 
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approximately the same effect of Zn +2 inhibitor . Corrosion current, inhibition efficiency and surface 
coverage, synergism parameter (SI) that calculated from polarization curves are given in table 3. 
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Figure 2: Electrochemical parameters of concrete reinforced steel samples studied after one day of 
immersion in the SCP solution without and with various concentration of urea - Sn+2 inhibitors 



Table 2: Corrosion parameters obtained from polarization curves of concrete reinforced steel after one day 
immersion in the SCP solution without and with various concentration of urea - Sn+2 inhibitor. 



System 


Icor 

uA/ cm 2 


IE 

% 


Surface coverage 


Control 


4.191 






Control + 75 ppm urea 


2.841 


32.2 


0.322 


Control + 50 ppm Sn+2 


2.48 


40.8 


0.408 


Control +75 ppm urea + 50 ppm Sn+2 


1.079 


74.25 


0.7425 


Control + 300 ppm urea 


2.051 


51.1 


0.511 


Control +300 ppm urea + 50 ppm Sn+2 


0.93 


77.8 


0.778 



Table 3 .Synergism parameters (SI) for concrete reinforced steel after one day immersion in the SCP solution 

in the absence and presence of inhibitors. 



Urea - Sn +2 inhibitor 


Urea - Zn +2 inhibitor 


Urea ( ppm ) 


01 


02 


Gl+2 


8'l+2 


SI 


01 


02 


91+2 


G'l+2 


SI 


75 


0.32 


0.41 


0.59 


0.74 


1.56 


0.32 


0.36 


0.57 


0.78 


1.98 


300 


0.51 


0.41 


0.71 


0.78 


1.3 


0.51 


0.36 


0.69 


0.87 


2.4 



The potentiodynamic polarization curves of concrete reinforced steel samples immersed for 
7 days in SCP solution in absence and in presence of urea - Zn +2 inhibitor and urea Sn +2 inhibitor are 
shown in figure 3. Corrosion parameters are given in table 4. Data of the table shows that Ecor of 
the sample immersed in the control solution was -397 mV vs Ag-AgCl and it was shifted to more 
positive direction ( - 306 mV vs Ag-AgCl ) with 300 ppm urea +50 ppm Zn +2 combination and to 
(- 329 mV vs Ag-AgCl) with300 ppm urea + 50 ppm Sn +2 combination . The Icor of the control 

2 2 +2 

sample was 3.27 uA/cm and it was decreased to 0.58 uA/cm with 300 ppm urea + 50 ppm Zn 
system and to 0.46 uA/cm 2 with300 ppm urea +50ppm Sn +2 system . This indicates that the 
protective passive film is formed on the steel surface in presence of inhibitors [35 ] and this will 
increase the life expectancy of concrete reinforced steel by more than 10-15 years in presence of 
urea - Sn +2 inhibitor [41]. 
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Figure 3: Electrochemical parameters of concrete reinforced steel samples studied after 7 days of immersion 
in the SCP solution without and with various concentration of urea and Zn+2 inhibitors 

Table 4: Corrosion parameters obtained from polarization curve of concrete reinforced steel after 7 days 
immersion in the SCP solution without and with 300 ppm urea + 50 ppm zn+2 inhibitor and with 300 ppm 



urea + 50 p 


3m sn+2 inhibitor. 


System 


Ecor 
mV 


Icor 

uA/ cm 2 


ba 

mV/dec 


-be 

mV/dec 


CR 
Mmpy 


IE 

% 


Control 


-397.4 


3.27 


243.5 


148.9 


38.3 xlO -3 




Control + 300 ppm urea+50 ppm sn+2 


- 329.7 


0.46 


77.7 


83.7 


5.39 x 10 3 


85.93 


Control +300 ppm urea + 50 ppm zn+2 


-306.1 


0.58 


47.2 


58.8 


6.79 xlO" 3 


82.3 



According to the data of the table both the anodic and cathodicTafle constants (ba ,bc) are 
decreased in the presence of inhibitors , a decrease of 165.8 mV in anodic Tafle slope is much 
higher than 65.2 mV in the cathodicTafle slope for the 300 ppm urea + 50 ppm Sn +2 formulation in 
SCP solution and a shift of 196.3 mV in anodic slope also is much higher as compared with 90.1 mV 
in cathodic slope for the 300 ppm urea +50 ppm Zn +2 formulation in SCP solution, 
these results suggests that urea - sn +2 and urea - zn +2 inhibitor combinations act as anodic type 
inhibitor controls the anodic reaction predominantly preventing the dissolution of the metal by 
forming urea - Fe +2 complex at anodic site of steel surface and to some extent controls the 
cathodic reaction by forming Sn(OH)2 or Zn(OH)2 on the cathodic site[37 ] . Thus the protective film 
formed on steel surface consist from urea-Sn or urea- Zn +2 complex and Sn(OH) 2 or Zn(OH) 2 . 

Urea- Zn inhibitor formulation decreased corrosion rate from 38.3 x 10" mmpy of control 
sample to 6.79 x 10" mmpy with 82.3% IF and urea - Sn+2 inhibitor formulation decreased the 
corrosion rate to 5.39 xlO" mmpy with 85 .93% IF . From these results it can be concluded thaturea - 
Sn +2 inhibitor formulation is able to be good corrosion inhibitor for concrete reinforced steel instead 
of the high toxic urea - Zn +2 inhibitor formulation and it can maintain stable passive film on steel 
surface even in the presence of aggressive chloride ions. 

3.2 Synergism parameter 

The values of synergism parameters (SI) that calculated from the surface coverage are shown 
in table 3. It is clear from the table that the values of SI are more than one suggesting that 
synergistic effect exist between urea and Sn+2 and between urea and Zn +2 inhibitor . 

3.3 cyclic voltammetry 

As mentioned earlier the cyclic voltammetry in this study was used to investigate the 
tendency of reinforced steel to pitting corrosion. Many researchers reported that the size of hysteresis 
loop is an indication of tendency of metals to pit , The larger the hysteresis loop, the higher tendency 
to pit and the more difficult to repassivation , the smaller loop ,the lesser the tendency to pit and 
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easier to repassivate the pit if it occurred [42 ]. Figures 4, 5, 6 show the cyclic polarization curves 
of concrete rebar samples immersed 0.5 hour in SCP solution with and without inhibitor, large 
hysteresis loop for the control sample was observed which illustrates the greater tendency to pit .The 
hysteresis loop of sample immersed in urea - Zn +2 system and urea - Sn +2 system was approximately 
equal and lesser than that for control sample . This suggest that the pitting tendency of reinforced 
steel became less and repassivation of the pit became easier with addition the above mentioned 
inhibitors. 



0.025 
— 0.02 
5 0.015 
S 0.01 
U 0.005 
U 0 
-0.005 

-1 


control 














































































.5 -1 -0.5 0 0.5 1 1.5 
Potential (V) 



Figure 4: Cyclic voltammogram obtained from immersion of concrete reinforced steel sample 0.5 hr. 

in SCP solution without inhibitor (control sample) 
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Figure 5: Cyclic voltammogram obtained from immersion of concrete reinforced steel sample 
0.5 hr. in SCP solution containing 300ppm urea + 50 ppm Zn +2 inhibitor 
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Figure 6: Cyclic polarization plots obtained after one day immersion of concrete reinforced steel 
samples in SCP solutions containing 33ppm urea +50 ppm Sn +2 inhibitor 



39 



International Journal of Advanced Research in Engineering and Technology (IJARET), ISSN 0976 - 
6480(Print), ISSN 0976 - 6499(Online), Volume 6, Issue 5, May (2015), pp. 33-42 © IAEME 

4. CONCLUSION 

Polarization study of the one day immersion of reinforced steel in test solutions indicated the 
synergistic effect of Sn +2 ion on the urea inhibitor. Polarization study of the 7 days of immersion 
indicated that the 300 ppm urea + 50 ppm Sn +2 formulation has maintained a stable passivation layer 
which protect the steel reinforcement from the corrosive environment. The 300 ppm urea + 50 ppm 
Sn +2 formulation inhibitor in SCP solution has successfully inhibited corrosion of the rebar in a 3% 
NaCl solution during the time of this study with 85.93% IF which suggest the ability to replace Sn +2 
ion instead of Zn +2 ion in improving urea inhibitor corrosion efficiency. The life expectancy of 
concrete reinforced steel will increase by more than 10-15 years in presence of urea - Sn +2 inhibitor. 
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